Early in 1994 several possible "clusters" of limb reduction defects were identified in the British Isles including one in north east England.' Media coverage ofthese gave rise to wide public concern, particularly that an abnormal occurrence of this condition might be associated with proximity to the sea.
We have identified children with limb reduction defects born between 1985 and 1992 to mothers resident in the northern region at the time of delivery. Previous studies have addressed the hypothesis that proximity to the sea was an aetiological factor in limb reduction defects and have shown no association. 24 We have looked at this in much more detail using precise mapping of cases. We have also investigated the possibility that there was clustering in time, space, or space-time.
Subjects and methods

SUBJECTS
The area studied was the northern region of England, one of the 14 administrative regions into which the NHS in England and Wales was divided until reorganisation in 1994. The region encompassed five counties: Tyne and Wear, Cleveland, Cumbria, Durham, and Northumberland with a mixed urban and rural population numbering approximately three million. The region has two coastlines, one in Cumbria in the west and one in the east stretching from Berwick through Tyneside and Wearside to Cleveland.
The population at risk comprised all births between 1 January 1985 and 31 December 1992 to a mother resident in the study area. The further inclusion criterion for cases was documented definite evidence of an isolated limb reduction defect. The categories used in the British Columbia study by Froster and Baird5 were used to define limb reduction defects. We chose to exclude isolated syndactyly but included syndactyly where it was associated with some other limb reduction event. Children with a limb reduction defect were excluded if they had evidence of an associated abnormality affecting another organ system, such as a congenital cardiac malformation, or whose pattern of malformation allowed a recognised syndromic diagnosis, such as Cornelia de Lange syndrome,6 to be made. Where the original notification was too vague to allow a definite diagnosis of a limb reduction defect, and no other information could be obtained, the child was excluded from the study.
The two primary sources for the identification of cases were the fetal abnormality survey (FAS), a cumulative population based register maintained in the northern region for the past 10 years, and the national register of congenital malformations maintained by The Office of Population Censuses and Surveys (OPCS). Five further sources were used to identify potential cases: parents who contacted FAS after the initial publicity, the parent support group REACH, disablement services centres, clinicians working in the region and a postal survey of the headteachers of 1495 schools in the region with pupils in the appropriate age range.
FAS and OPCS databases were searched to extract all records coded to ICD-97 code 755--("other congenital anomalies of limbs") identifying any congenital limb malformation not associated with another abnormality. These were then analysed by one of the authors (MJW) to select the children with a limb reduction defect as defined by Froster and Baird. The date of birth, sex, postcode of mother's residence at the time of delivery, full ICD-9 code, and a description of the defect(s) as recorded in the relevant database was thus obtained. Parents contacting FAS were asked to give similar details and offered a consultation with one of the authors (MJW). Clinicians, limb fitting centres, and schools were asked for the child's date of birth, sex, postcode, and a description of the defects. The data from the various sources were compared to avoid double counting and to permit cross validation of children appearing in more than one source.
A birth register of all live births in the study area between 1985 Association between proximity to the sea and a limb reduction defect was investigated using rates of LRD in five bands: less than or equal to 2-5 km from the sea, greater than 2 5 km but less than or equal to 5 0 km, greater than 5 0 km but less than or equal to 7-5 km, greater than 7 5 km but less than or equal to 10 together with their corresponding probabilities, are given in table 2. There was some evidence of space-time clustering at small spatial separation. Similar methods were used to look separately at the numbers of cases close in space (using the same distance separations), and close in time (using the same time separations). In no case was any p value less than 0-6, implying there was clustering neither purely in space nor purely in time.
Discussion
We have found the birth prevalence of isolated limb reduction defects in the northern region to be 419 per million live births. This is significantly higher than that reported for England and Wales2 (344 per million p<005) and significantly lower than that reported from Italy4 (545 per million p<0-01) but not significantly different from that reported from Brazil (479 per million p>O-1).? The increased birth prevalence compared to the whole of England and Wales may be explained by the under-reporting acknowledged by the OPCS.2 The reduced birth prevalence compared to Italy may possibly be explained by different exclusion criteria.4
The hypothesis that children born to mothers living close to the sea might be at increased risk of limb reduction defects was inherently weak from the outset. The groups around Britain which formed the basis ofthe hypothesis were exposed to the English Channel, the North Sea, the Irish Sea, and the Atlantic. Any sea borne teratogen would need to be widely dispersed. A much more obvious explanation of proximity of affected children to the sea was the population distribution of the British Isles. In our own analysis, we found that 50% of babies born in the northern region of England live within 10 km of the coast. It is thus to be expected that any group of abnormalities would be seen more commonly on the coastal strip.
Previous studies have been limited by the need for an initial rapid response and hence by the quality ofdata available at the time. Analysis ofpopulations from districts which have a coast or studies of children known to have been born in coastal hospitals are both open to bias."4 A genuine association of proximity of residence to the sea might have been obscured by the limitations of such studies.
The initial public concern which prompted our study was that there might be a significant excess of children with limb defects born close to the sea. We formally addressed this question in two ways. Firstly, we identified by postcode linkage the residence of every birth in relation to the coastline and analysed these data both using a simple 10 km division and by subdividing the families near the coast into 2 5 km bands. There was no overall evidence of excessive grouping in the 10 km coastal band and no evidence of a "dose gradient" within the 10 km strip.
Secondly, we looked for evidence of space clustering, time clustering and space-time clustering. This did not show any evidence of significant grouping in space or time independently. We performed space-time cluster analysis using Knox's method" and the Monte Carlo simulation. This only gave weakly statistically significant findings in two categories with an excess of observed over expected cases born less than 5 km apart in the 30 and 90 day groups. These findings are worthy of further investigation but they may be artefactual. The fact that there was no significant spatial clustering strongly suggests that there is no unknown genetic cause. If there was, one might expect to identify occasional families with multiple affected siblings, which would produce a space cluster but no time cluster. Weakly significant space-time clustering could be compatible with a relatively low grade teratogen affecting small groups of the population on an episodic basis.
The quality of ascertainment is the single most important factor in analyses of this type. Using the two officially available sources of data, 94-8% of the total cases identified were ascertained. This is not surprising as limb reduction defects are usually obvious at birth and therefore notification should be high. It is interesting, however, that seven cases only came to light from direct contact with the public and schools. These sources of information were particularly useful in establishing that there was not a large unidentified cohort of children in the community with a limb reduction defect which had not been detected by FAS or OPCS.
There is a risk that ascertainment of minor defects may be less than complete. It is not difficult to identify and recognise the clinical significance of a missing limb or even a missing hand but missing finger tips might be overlooked and considered to be of little clinical importance. From the epidemiological point of view, however, they may represent the effects of a similar teratogenic insult and their inclusion may lead to the identification of a causal mechanism which would be overlooked if only the more extreme cases were analysed.
Ideally, any analysis of the type presented here should be based on data evaluated by an experienced clinical observer. It is unrealistic to demand this on a prospective basis. The recent introduction by the national notification scheme of diagrams which allow the notifying health care unit to select the most appropriate description visually as well as using written descriptions, should improve notification of limb defects for the future.'2 It must be remembered that reduction defects of the limbs are the easiest malformation to ascertain because in their isolated form they are almost never associated with termination ofpregnancy, they are recognisable at delivery and the prolonged survival of the children ensures their continuing contact with the medical services. The series ofevents which led to limb reduction defects becoming the focus of international attention has emphasised the continuing need for a reliable method of malformation ascertainment.
